test score and disease duration. Conclusions: Differences in reported age of onset in ET may vary widely, and in up to one fifth of patients may be substantial. Investigators should approach these self-reports with caution.
Introduction
Essential tremor (ET) is among the most common neurological diseases [1, 2] . In epidemiological studies, disease incidence and prevalence both increase with age [1] [2] [3] . Age, and more specifically age of onset, is important in numerous fundamental respects. First, in the ET literature, age of onset is at the center of a debate as to whether individuals who develop tremor in their seventh decade represent a group with a completely distinct disease entity sometimes referred to as 'senile tremor' or merely a group with older-onset ET [4, 5] . Second, in ET and other neurological disorders, age of onset is a major determinant of rate of progression, prognosis and risk of mortality [6] [7] [8] [9] . Third, a wide range of genetic studies on neurological disorders stratify genetic risk based on age of onset, classifying patients as 'early onset/younger onset' versus 'older onset' [10] [11] [12] ; thus an accurate appraisal of age of onset is critical. Finally, in neuroepidemiological research, in order to assess and then quantify the role of genetic and environmental risk factors which may influence disease risk or age of onset, one must ensure that age of onset itself is accurately reported [12, 13] .
Age of onset in ET is chiefly assessed by self-report rather than medical record review; the latter may be of little use. As a researcher, one then wonders about the quality of this self-report. Is age of onset something that can be reproducibly self-reported by patients? The current analyses capitalize on a prospective, epidemiological study in which ET cases were assessed at two time points, and data on age of onset were collected at each time. We know of only one other pilot study that has addressed this reliability issue in ET [14] . There are no other published data to aid neuroepidemiologists.
Methods

Study Design and Subject Selection
ET cases were enrolled in a research study of the environmental epidemiology of ET at Columbia University Medical Center (CUMC). Baseline assessments took place between 2000 and 2009 [15, 16] . By design, ET cases were identified from several sources, the major ones being a computerized billing database of all ET patients who were seen once or more at the Neurological Institute of New York (CUMC), and advertisements to ET patients who were members of the International Essential Tremor Foundation. All cases had received a diagnosis of ET from their treating neurologist and were confined to a geographic area that was within 2 h driving distance of CUMC in New York, New Jersey and Connecticut [15, 16] .
With their enrollment, each case signed a written informed consent form, approved by the CUMC Internal Review Board. Cases completed demographic and clinical questionnaires and underwent a standardized videotaped tremor examination, which included assessments of postural and kinetic tremors [17] . Each videotape was reviewed by a senior neurologist specializing in movement disorders (E.D.L.), who rated the severity of the arm tremor, and assigned a total tremor score (TTS, 0-36, maximum) [18] and confirmed the ET diagnosis in each case using published diagnostic criteria (moderate or greater amplitude kinetic tremor during three or more activities or a head tremor, in the absence of Parkinson's disease) [17, 19] .
In April 2009, we began conducting follow-up assessments on ET cases, trying to give preference to the oldest cases first (i.e. those with the highest likelihood of loss to follow-up due to mortality), and then using a random selection strategy. Upon reassessment, each case signed an informed consent form approved by the CUMC Internal Review Board. To date, we have reenrolled 86 of 376 ET cases. These 86 enrollees are similar to the larger group of 376 from which they were drawn in terms of baseline tremor severity (TTS, 17. 
Study Evaluation
During the baseline and follow-up assessments, ET cases completed the same demographic and clinical questionnaires, which solicited demographic data (age, gender, race, years of education), clinical information regarding tremor (including duration, medication usage, the question 'Do other people often tell you that you have a tremor') and family history information. ET cases were classified as having a family history of tremor if they reported at least one first-or second-degree relative with ET or tremor. Patients were also asked, 'How old were you when you first noticed the tremor?'
Tremor-related motor disability was evaluated with a brief 10-item version of a 36-item, validated tremor disability questionnaire [20] ; self-reported ability to perform a range of motor activities was assessed (signing name, carrying a cup, dialing a telephone, using a key), with the possible score range from 0-100 (maximum disability). The Folstein Mini-Mental State Exam (MMSE) [21] was administered (range = 0-30, no impairment). Medical comorbidity was assessed using the Cumulative Illness Rating Scale (CIRS), in which the severity of medical problems (0 = none to 3 = severe) was rated in 14 body systems (e.g. cardiac, respiratory, renal) and a CIRS score was assigned (range = 0-42, maximal comorbidity) to each subject [22] .
For the follow-up assessment, two additional assessments were added. First, the Center for Epidemiological Studies Depression Scale (CESD-10), a self-report 10-item screening questionnaire for depressive symptoms (range = 0-30, greater depressive symptoms) [23] was added. The CESD-10 has been shown to have good reliability and excellent sensitivity and specificity using a diagnosis of major depressive disorder as diagnosed using the Structured Clinical Interview for the Diagnostic and Statistical Manual of Mental Disorders , third edition, revised, as the gold standard [24, 25] .
In 2010, during the follow-up assessment period, the Essential Tremor Embarrassment Assessment (ETEA), a 14-item self-assessment scale for tremor-related embarrassment, was created [26] and then added to the follow-up assessment. The ETEA items are structured as a series of 14 statements, and the participant is asked to first provide a simple response (disagree or agree) and then to provide a more nuanced response (0-to 5-point Likert scale ranging from disagree = 0 to agree strongly = 5). The ETEA is administered by a health care provider or researcher, yet it collects data on the patient's self-assessment of embarrassment. The sum of the simple responses yields an initial score (score A, range = 0-14) and the sum of the nuanced responses yields a second score (score B, range = 0-70), with higher scores indicating greater embarrassment [26] .
At each evaluation, a standardized videotaped tremor examination, which included assessments of postural and kinetic tremors [17, 27] , was performed. Each videotape was reviewed by a senior neurologist specializing in movement disorders (E.D.L.), who rated the arm tremor and assigned a TTS (0-36) [18] .
Statistical Analyses
Statistical analyses were carried out using SPSS (version 18.0.2; Chicago, Illinois, Ill., USA).
The follow-up interval was calculated as the time that had elapsed in years between the baseline and follow-up assessments. The variable 'age of onset difference' was the difference in years between the age of onset reported at baseline and the age of onset reported at follow-up (age of onset baseline -age of onset follow-up ); positive values indicated that the age of onset baseline was higher than age of onset follow-up , and negative values indicated the converse. A value of zero indicated that the same age of onset was reported at the two time intervals. The age of onset difference was also expressed as an absolute value: ͉ age of onset difference ͉ . Parametric tests were used, unless variables were not normally distributed (e.g. age of onset difference, ͉ age of onset difference ͉ ). For completeness, agreement between age of onset baseline and age of onset follow-up was assessed using both Pearson's correlation coefficient ( ) and an intraclass correlation coefficient (ICC). For ICC, absolute agreement was assessed rather than consistency. We also examined whether any demographic or clinical variables were correlated with ͉ age of onset difference ͉ . Since the ͉ age of onset difference ͉ was not normally distributed (KolmogorovSmirnov test = 2.18, p ! 0.001), and the ICC assumes a normal distribution, a nonparametric approach (Spearman's correlation coefficient, ) was used to assess this correlation.
Results
There were 86 ET cases ( table 1 ). The mean age at the time of the baseline assessment was 65.3 8 12.6 years. The mean follow-up interval was 5.7 8 2.5 years (range = 2-14 years).
The age of onset baseline ranged from 6 to 75 years (mean = 41.9 8 18.7 years, median = 45 years). The age of onset follow-up ranged from 6 to 80 years (mean = 41.5 8 17.4 years, median = 45 years).
The age of onset difference ranged from -47 to 32 years (mean = -0.34 8 10.18 years, median = 0.0 years) ( fig. 1 ) . The ͉ age of onset difference ͉ ranged from 0 to 47 years (mean = 5.95 8 8.24 years, median = 3.0 years). The ͉ age of onset difference ͉ was 0 years in 19 (22.1%) cases, 1 year in 10 (11.6%) cases, 2 years in 11 (12.8%) cases and ^ 5 years in a total of 57 (66.2%) of 86 cases. The ͉ age of onset difference ͉ was 6 10 years in 18 (20.9%) cases.
Agreement between age of onset baseline and age of onset follow-up was assessed using both Pearson's correlation coefficient ( ) and an ICC; the respective values were = 0.85 (p ! 0.001) and ICC = 0.84 (p ! 0.001), indicating a high level of agreement ( fig. 2 ) . a Evaluation performed at follow-up rather than baseline. b Based on n = 60 rather than 86. We examined whether any demographic or clinical variables were correlated with ͉ age of onset difference ͉ ( table 2 ). These analyses revealed that greater ͉ age of onset difference ͉ was associated with a number of variables: older baseline age, answering 'no' to the question 'has a doctor ever prescribed medication for your tremor', lower Folstein MMSE score (i.e. more cognitive difficulty), lower CESD-10 score (i.e. fewer depressive symptoms) and lower ETEA scores (i.e. less embarrassment) ( table 2 ). There was no correlation between the time that had elapsed in years between the baseline and follow-up assessments and the ͉ age of onset difference ͉ ( = 0.03, p = 0.80). We also examined whether any demographic or clinical variables were associated with age of onset difference rather than ͉ age of onset difference ͉ , and the results were similar, except that greater age of onset difference was found in cases with disease of longer baseline duration ( = 0.33, p = 0.002). In summary, greater reproducibility was found in ET cases who were (1) younger; (2) had been prescribed ET medications; (3) were more embarrassed by their ET; (4) had greater depressive symptoms; (5) had fewer cognitive issues and, possibly, (6) had ET of shorter duration.
Discussion
In this study of 86 ET cases, the follow-up interval was as long as 14 years in some cases; on average it was nearly 6 years. Overall, agreement between the age of onset re- a This column shows the correlation (Spearman's ) between a clinical characteristic (e.g. CIRS score) and ͉ age of onset difference ͉, or the mean 8 SD (median) ͉ age of onset difference ͉ in strata defined by the clinical characteristic (e.g. ͉ age of onset difference ͉ in males vs. females).
b Evaluation performed at follow-up rather than baseline. c Based on n = 60 rather than 86. ported at baseline and at follow-up was high ( = 0.85, p ! 0.001). However, the difference (age of onset baselineage of onset follow-up ) ranged widely (from -47 to 32 years), and in 18 (20.9%) cases was 6 10 years. Some subgroups of patients may be more reliable than others: greater reproducibility was associated with several clinical factors including age, medication use, embarrassment, depressive symptoms, cognitive test score and disease duration. Age of onset is a key determinant in genetic and epidemiological studies of neurological disorders. Age of onset in ET is chiefly assessed by the patient's self-report rather than medical record review; the latter may be of little documentary value. As a researcher, one then wonders about the quality of this self-report. Our data, while showing a high level of overall reproducibility, also show that investigators should approach these self-reports with caution; differences in reported age of onset in ET may vary widely, and in up to one fifth of patients may be substantial. What other strategies may investigators use? One approach would be to examine handwriting samples (e.g. signatures, letters) retrospectively, as an objective record of the possible onset and development of tremor. Yet this approach would be challenging and would not determine onset in ET cases with preserved handwriting (e.g. cases with tremor while pouring and eating but not while writing) or in ET cases whose main sign is head rather than arm tremor. Another approach would be to use collateral history from family members. Both approaches serve to supplement the data collected by self-report with other forms of data and underscore the limitations of selfreport data.
We previously wrote a short report on test-retest reliability of age of onset in ET [14] , but that report differs from the current one in a number of substantive ways.
First, the prior report sampled only 24 patients, who were evaluated after 2 years [14] . The current sample size, n = 86, is approximately 4 times larger. Second, the prior study sampled cases only after 2 years [14] , thereby increasing the likelihood of high test-retest reliability. The current study resamples cases up to 14 years later (mean = 5.7 years, median = 5.0 years). Perhaps most important is that the prior study sampled ET cases who were primarily of low education (mean = 10 years) in a socioeconomically disadvantaged setting [14] , whereas the current sample is a group of ET cases of higher educational attainment seen in a typical treatment setting. Finally, the prior study examined only a limited number of factors that were correlated with reliability of reported age of onset [14] , whereas the current study examines a full complement of such factors; it is the sample size of the current study that allows for such analyses. To date, we have conducted follow-up assessments in 86 ET cases. It will be interesting to see whether the trends noted here are maintained in a larger follow-up sample of ET cases.
Reliability of reported age of onset has been examined in Parkinson's disease, comparing the subject's medical records, a family history questionnaire and a subject history questionnaire [28] ; the findings report high reliability (r = 0.94), but the test-retest reliability has not been examined. Medical records would not be of much value in ET, as the issue of tremor often does not become part of the clinical dialogue [3] .
In summary, differences in reported age of onset in ET may vary widely, and in up to one fifth of patients may be substantial. Investigators should approach these patient reports with caution. Some subgroups of patients may be more reliable than others.
